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Abstract 
As an important pollution control unit in the downriver of Liaohe river, there are developing river-net in the estuary 
area with the horizontal radiatiform geomorphology. The surface water system poses the typical plain river-net 
characteristics. Under the complex hydraulic effect, the industrial wastewater, streamflow and paddy field drainage 
flow into the main stream of Liaohe river through various grade branch rivers or ditches. These can threat the 
offshore water quality of Liaodong bay seriously. In this study, a kind of combined technology composed of floating 
baffling bio-reactor (FBBR), multiple plant floating-bed and denitrify ecological aquatic weed (Aqu-Mat), was 
researched using scale and field experiments according to the pollution characteristics and spatial structure of the 
river-net. And then the suitable technological parameters were obtained. The main results can supply an optional 
method for the eco-remediation of Branch River in Plain River-net at Estuary Area. 
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1. Introduction 
Liaohe river estuary water network is the bond and bridge linked with terrestrial ecosystems and 
aquatic ecosystems. There are many functions like maintaining species diversity, blocking and filtering 
material flow, stability of ecological systems and purifying water quality [1]. River network as the main 
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transport land-sourced pollutants into the sea is not only a point source pollutants sink, or non-point 
source pollutant concentration and capture the body. The intensive rice production, oil and chemical 
companies mutual embedded in Liaohe river estuary area. The industrial wastewater and rice fields 
drainage, driven by the river complex hydraulic transportation mechanism, flow into Liaohe river 
mainstream or long-term storage of the Liaohe River ponds through various tributaries and drainage 
ditches. They directly affect the water quality in the estuary of River and tributaries. Tributary of the 
Liaohe river estuary serious pollution is the main feature of surface water pollution [2-5]. 
Most of the technical means of river remediation are also suitable for the estuary area, but it must be 
improving the appropriate methods to combine the characteristics of the estuary landform, environment, 
climate and biological. The river remediation technology including river inline repair and outside line 
repair [6-9]. Unfortunately, in the past two decades, river networks remediation cases are usually single 
technology research and lack of technology integration on a regional scale. It has not yet form suitable for 
the characteristics of the estuary river restoration techniques model, especially for the scale of the surface 
in estuarine water environmental remediation technology research. Thus, research on the river into the 
river pollutant transport process resistance control, reduction of pollution load of river water, river front 
nodes intercept and ecosystem construction, study on ecological remediation in river estuary 
systematically have the vital significance for promoting scientific and technological innovation 
environmental protection and water management.  
2. Experimental Design 
2.1 Research Area 
The study area is located in Panjin City, Taiping river - Liaohe river segment (41° 09'33.93"N, 121° 
55'12.36" E; 41° 08'19.91"N; 121°54'34.25" E). Figure 1 shows the study area of the vector map. 
 
Fig. 1 The vectorization map of the study region 
Among them, with the Liaohe River dam as the boundary, developing the situ remediation 
technologies experiment research in the first and second tributaries in the north side of Liaohe dam, 
including complex biological Floating Island, floating Baffled Bioreactor, nitrogen and ecological aquatic, 
etc. 
2.2 Experimental device and material 
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The main experimental devices and materials including: a floating Baffled Bioreactor (FBBR), 
composite plant bed and nitrogen and ecological aquatic (Aqu-Mat). 
2.3 Test indexes and methods 
The test indexes include CODcr, TP, NH3-N, SS. Test methods adopt the national standard method [10].  
3. Results and discussion  
3.1 The effect of FBBR operational parameters on the pollutants removal efficiencies 
FBBR all operating parameters are studied, including: gas-water ratio, the rate of load fluctuation, the 
number of chamber effect on the repair, and the key parameters are optimized. 
FBBR gas-water ratio results in Figure 2. When the gas-water ratio is 3:1, COD removal rate reached 
83.8%, and increase the gas water ratio, COD removal rate increased only slightly. Gas-water ratio has 
significant impact on ammonia nitrogen removal efficiency, water-gas ratio from 3:1 up to 5:1, the 
ammonia nitrogen removal rate showed an increasing trend, so gas-water ratio choose 3:1 ~ 7:1 is the 
appropriate choice. Under the conditions of different gas-water ratio, the removal effect of suspended 
solids has good results. Reactor removal of TP is not ideal, mainly because the reactor can not fully meet 
the biological phosphorus removal in alternating anaerobic - aerobic or anaerobic - anoxic environment. 
The relationship between gas-water ratio and COD removal rate
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The relationship between gas-water ratio and TP removal rate
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The relationship between gas-water ratio and NH3-N removal rate
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The relationship between gas-water ratio and SS removal rate
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Figure 2. The effects of FBBR air-water ratio on pollutant removal 
 
FBBR influent organic load fluctuations in the adaptability test results shown in Figure 3. The results 
show that when the influent concentration of organic compounds and the effluent more stable, indicating 
that the FBBR has good resistance to impact load, because the dual role of a large number of insoluble or 
less soluble organic matter retained in the packing of physical intercept and microbial aerobic 
decomposition. The results of NH3-N removal show that: the initial (1-5d) NH3-N removal rate is low, 
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and when 6-17d, the removal rate increased steadily from 83.2% to 87.4%. The average influent 
concentration of NH3-N is 14.4 mg/L; the effluent average concentration of NH3-N is 2.1mg/L. The 
removal of the SS results show that: System removal rate stabilized at 95%, the effluent SS average is 
2.2mg/L. Along with the increasing number of compartments, SS decreased and the removal rate 
increased. 
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Figure 3. The effects of FBBR inlet organic load on pollutant removal 
3.2 The effect of composite plant bed process parameters on the pollutants removal efficiencies 
Use of bamboo and foam as the support carrier, reed, and reed, water hyacinth and canna as the main 
plant, with anthracite boiler slag (< 5mm), mix with loam and fine sand (25%: 55%: 20%) as filling 
substrate to construct the simulation system of the composite plants bed. 
The field water samples are taken by static test, analyze the different treatment duration (replaced with 
new water samples per batch) for the decontaminating effect of the composite plants bed. The results 
show in Table 1. 
Table 1. The remediation effects of the composite plants bed 
Treatment time COD removal rate (%) TP removal rate (%) TN removal rate (%) 
1d 22.4 87.2 19.7 
2d 24.5 89.3 18.5 
3d 23.1 90.4 16.4 
4d 24.3 91.4 17.6 
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The results show that: the composite plants bed on the COD and TN removal efficiency is not high, 
but the role of TP removal mainly rely on the physical substrate addition, and plants effect need to be 
further strengthened. Composite plants bed needs to play better results in combination with other 
processes.  
3.3 The effect of aquatic weed denitrify 
Using vertical installation mode set bionic aquatic weed in the water, the aquatic weed is set from the 
surface of the water is 0.15m and at different spacing in the rows. Using simulation sewage cultivates 72 
hours for further use before installing.  
Simulation experiment water from the Taiping river, the experimental results shown in Table 2. 
Table 2. The denitrification effects of the Aru-Mat 
Treatment time COD removal rate (%) TP removal rate (%) TN removal rate (%) 
12h 39.5 60h 49.3 
24h 44.1  72h 48.6 
36h 47.2 84h 49.5 
48h 47.6  96h 49.6 
Density of aquatic weed: 1 plants /m  
 
Treatment time COD removal rate (%) TP removal rate (%) TN removal rate (%) 
12h 42.3 60h 52.5 
24h 48.6  72h 52.4 
36h 49.7 84h 52.9 
48h 51.6 96h 52.8 
Density of aquatic weed: 2 plants /m  
 
Treatment time COD removal rate (%) TP removal rate (%) TN removal rate (%) 
12h 42.5 60h 51.6 
24h 48.5  72h 52.8 
36h 50.2 84h 53.5 
48h 51.4 96h 52.7 
Density of aquatic weed: 3 plants /m  
 
The results show that: the 2 plants/m configuration density and processing 24 to 48 hours can obtain 
good effect of nitrogen. The technology can be combined with the use of composite plant bed technology 
to achieve the Simultaneous reduction of COD, TN, TP purposes. 
3.4 The effect of FBBR - composite plants bed - Aqu – Mat process on the pollutants removal efficiencies  
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Selected to be repaired River (sub critical flow) and the layout of Aqu-Mat is vertical in its upstream 
of the river. The Aqu-Mat is away from the surface of 0.15m, density 2 plants /m and the installation is 
using the bamboo as support body in the middle reaches of rivers, water hyacinth and other plants as the 
main plants, with slag and other materials as the filler in composite plant bed. FBBR installed in the 
lower reaches of the river and complemented by the shore drum wind measures. Step by step treat N, P 
and COD in the river. 
The experimental results show that: each unit technologies for different main pollutants, denitrify 
ecological aquatic weed (Aqu-Mat) based on the average TN removal efficiency of 45%, composite 
plants bed on the average TP removal rate of 89%, FBBR average removal of COD More than 85%. Joint 
purifying effect: TN removal efficiency greater than 60%, TP removal efficiency of greater than 92%, 
COD removal efficiency greater than 90%. 
4. Conclusions 
Denitrify ecological aquatic weed (Aqu-Mat), FBBR, Composite plants bed and other each unit 
technology repairing effect are not complete, but the combination of repair effects improved substantially. 
Optimize the form of technology portfolio, joint optimization of process parameters and so on when in 
the joint use of the individual technologies. 
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